A spectrophotometric method has been used for the determination of the dissociation constants of some weak indicator bases in various ethyl cellosolve (ECS)-water solvent mixtures at 25ºC. The indicators used are p-nitro, o-nitro and m-nitroaniline. The dissociation constants are found to decrease with increase of ECS for all investigated indicators which indicates that the basicity of the medium is increased by the addition of solvent. The acidity function, H º , of HCl in water-ECS mixtures is also determined and is found to increase with concentration increase of organic solvent for a fixed acid concentration. This is explained owing to the salting-in effect which depends on the used solvent type.
Introduction
Determination of the dissociation constant, pK, of an acid or base is useful and rapid one for organic compounds using spectrophotometric method via absorption spectra depended on the concentration of hydrogen ions in the solvent. The effect of changing the solvent composition on the pK is a useful means of inferring changes in the pattern of ion-solvent interaction in the binary solvents systems such as water-non aqueous solvent mixtures [1] [2] [3] [4] [5] . The acidity constant and the proton transfer equilibria were investigated to show the effect of solvent on the activity of an acid or base and the proton transfer process [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] .
The present work investigates the spectrophotometric determination of the dissociation of o-nitro, m-nitro and p-nitroaniline in different water-ECS mixtures 25ºC.
Materials and Methods

Materials
Ethyl cellosolve [2-ethoxyethanol or ethylene glycol monoethyl ether] of the BDH grade was purified as described elsewhere [15] . The indicators: o-nitro, pnitro and m-nitroaniline (Riedel de Haen Company) were purified and their stock solutions were prepared in 50% alcohol-water mixtures. Constant boiling HCl solutions were used for preparing the different acid solutions using doubly distilled water.
Procedure
The solutions were prepared as described earlier [17] . Stock solutions of HCl obtained from the middle fractions of the twice-distilled constant boiling HCl solution, were prepared in the various experimental compositions. The concentration of the acid solution was always checked gravimetrically by precipitation as AgCl. The spectral absorbances of these solutions were determined at 25ºC with a MSE spectro-plus spectrophotometer with 1 cm cell, using bidstilled water or the mixed solvents as a blank. The maximum absorbance for the base form of the indicators used in water were found to occur at 380-385 nm, 415-420 nm, and 355-385 nm for p-nitro, o-nitro and m-nitroaniline respectively [18] .
A series of solutions was prepared by adding weighed amounts of standard HCl solutions and the solvents to weighed amounts of the indicator (o-nitro or p-nitro or m-nitroaniline) solutions. The spectral absorbance of each solution was measured.
Results and Discussion
Calculation of Dissociation Constant (p ( s k) BH + )
Values of p( s k)BH + for a selected anilinium ion in water-ECS solvent mixtures were calculated from the relation [19] .
Where B represents the free base, I is the ratio of the concentrations of the two forms of the indicator and γ the activity coefficient of the particular species. The indicator ratio I is calculated from the relation:
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This trend shows that the position of the nitro group in the ring has a particular effect on the basicity of the amino group. The lower value of p(sk) BH+ was obtained for o-nitroaniline may be due to the presence of both inductive and mesomerice effect for nitro group [3] .
The change of the dissociation constant of the indicator in water-ECS solvent mixtures with respect to that in aqueous medium (∆pK) is calculated for the indicators. Considering Eq. (3), the values of p( s k) BH+ and S were obtained by applying the least-squares method. Table 1 represents the values of the dissociation constants for p-nitro, o-nitro and m-nitroanilinium ions in ECS-water mixtures. Figure 1 represents the variation of the dissociation constant for each indicator with solvent composition. It is seen that the addition of ECS to water causes an initial decrease in p(sk) BH+ for all indicators. However, in the case of m-nitroaniline, a minimum is obtained nearly at 58% (W/W) ECS. So, the order of basicity increase for indicators used is as follows: o-nitro < p-nitro < m-nitroaniline. function of reciprocal dielectric constant on the medium. The values of (∆pK) may be helpful in predicting the order of changing relative basicities for some organic solvents with water. From the figure, it was found that (∆pK) decrease steeply with increasing of organic solvents and decreasing dielectric constant. This behavior may be explained qualitatively as being due to the change in the salvation of the ions, in which the radius of ions undergoes the corresponding changes. Thus, for the p-nitroaniline indicator, the solvent basicity decreases in the order:
This shows that p-nitroaniline has the strongest reference for DMSO and is most poorly solvated by ethyleneglycol.
On considering the Gibb's free energy equation [18] :
Values of the free energy ∆G t 0 change for proton transfer from water to water-ECS solvent mixtures are calculated. As the solvent effect should preferably be expressed in the mole fraction scale, the values of [19, 20] , see Table 2 . It is observed that values of ∆G t 0 N become more negative with the increasing of proportion of ESC in the medium, which indicates that transfer of the proton from water to ESC-H 2 O solvent mixture is spontaneous process. Considering the equilibrium represented by the equation:
Therefore,
The first term on the right-hand side of this equation represents the slandered Gibbs energy of transfer aniline from water to the solvent mixture, while the second term between brackets shows the difference between Gibbs energies of transferee of anilinium BH + and H + ions. The first part explains the stabilization of the base with increasing organic solvent in the mixture while the other deals with the selective salvation by either water or ESC, of H + or BH + in the mixed solvent medium.
The variation of ∆Gtº for all indicators with mole fraction of ECS is shown in Fig. 3 . The solvent effects on the dissociation equilibria of the indicators are more or less similar in aqueous-ECS solvents. So, ∆Gtº values for m-nitroaniline pass through a minimum with gradual increasing of ECS. Such trend is not observed for p-nitroaniline since the solvent composition did not extend high enough to locate it. However, it should be mentioned that a similar trend was observed previously in water-methanol [3] and water-2-methoxyethanol [20] for o-and mnitroanilinium ions was observed at non aqueous solvents. Therefore, it is easy to interpret the decrease of ∆pk with increasing ECS content as due to the smaller values of ∆Gtº (B) and ∆Gtº (H + ) than ∆Gtº (BH + ) in the solvent mixture.
Values of H 0 at several HCl in water-ECS solvent mixtures are calculated from the following relation [1, 7] : H 0 = P( w K) BH+ -log I (8) Figure 4 shows the trend of changing the acidity function with acid concentration at different percentages of organic solvent in case p-nitroaniline indicator. It is observed that H 0 decreases as the acid concentration increases. At same time, H 0 shows an increase with the increase of ECS content in the solvent mixture for a definite acid concentration. This trend indicates that the solvent basicity increases by further addition of the organic solvent, which may be attributed to the progressive breakdown of the tetrahedral structure of water. Thus instead of having the structure (H 2 O) 4 4 H + is less than that in the compact structure. The latter will be holding the proton more firmly [20] [21] [22] [23] [24] . Figure 5 shows the effect of the changing composition of some organic solvents on the acidity function, for a definite acid concentration in case of pnitroaniline. Generally, there is an initial increase in H 0 with increasing organic 
